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TECHNICAL MEMORANDUM 1235

INVESTIGATION OF CONDITIONS OF TITANIUM CARBONIZATION - IV

By G. A. Meerson and Y. M. Lipkes

In a previous paper (reference l), results are presented of
accurate investigations of the processes of titanium carbonization
and the succeeding titanium carbide decarbonizatlion as related to
the phencmenon of the graphitization of soot by heating at a con-
gtant temperature in atmospheres of pure hydrogen and carbon mon-
oxide. These tests showed that the processes of titanium
carbonization-decarbonization in an atmosphere of pure gases without
nitrogen proceed in the same direction as the analogous processes
(references 1 and 2) under the conditions of the production furnace.
In this case, however, the presence of admixtures of nitrogen changes
the quantitative results of the decarbonization process.

Thermodynamic computations confirming the results of previous
tests conducted at atmospheric pressure and additional tests of
titanium carbonization at lowered pressures are presented hereiln.

EVALUATION OF TEST RESULTS ON PROCESS OF TITANIUM
CARBONIZATION ,_AT ATMOSPHERIC PRESSURE
Thermodynamic Computations

The purpose of the following computations is to confirm that
the order of experimentally determined magnitude of the lowering in
content of the combined carbon by exposing titanium carbide at con-
stant temperature can be based on energy changes occurring in the
system as a result of graphitization of inltial soot (used for
titanium carbonization).

(1) Carbonization in an atmosphere of carbon monoxide. By
considering the reaction :

T10 + 2022 TiC + CO (1)

*"Tagledovania Uslovii Carbonizatzil Tetana." Zhournal
Prikladnol Khimii, Vol. 18, nos. 4-5, 1945, p. 251-258.
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and by assuming the formation of a continuous series of =molid solu-
tions of T10 - TiC, the equilibrium constant for reaction (1) is

formed as
ic
K=7P ET - _
co [Tio% (2)
where %ﬁﬁ% is equal to the ratio of the molar concentraxions of

TiC to TiO in the =s0l1d solution with the products of carbon-
ization.

.The assumption of the continuous series of solid solutions
Ti0 - TiC 1is based on the fact that TiO and TiC crystallize in

the same type of lattices with close perlods (4.15 X and 4.32 2,
respectively). This assumption is, by X-ray investigations of dif-
ferent points of the system TiO - TiC, unconditionally confirmed
in the range of states above 10 percent Ccomb and does not con-

tradict it even in the range of small carbon content; however, in
this range, the number of investigated points for establishing the
continulty of the serles Ti0 - TiC over the entire range is insuf-
ficlent.

It is necessary, moreover, to conslder that the behavior of
the system TiO - TiC may differ from the behavior of the usual
solid solutions because in passing from Ti0 to TiC, <the char-
acter of the interatomic bonds in the lattice is changed (from
prevailing ionic bonds to prevailing metallic bonds). Thus, the
mathematical lawe following from equation (2) may not be observed
over the entire range of the serlies TiO -~ TiC.

In the computed results glven hereln as compared with the
experimental results, however, the system TiO - TIC 1s consldered
only in a certain limited range where the exlistence of solid solu-
tions 1s knowm.

For these tests, P.. = 1 atmosphere and K = [T1C

? “eco [Ti0]°

For reaction (1) with graphite, the dependence of the equi-
librium constant on the temperature is expressed by

' AFO
lg Ky = 1g E%%%%. =~ BT (3)

where AF® ig the free energy of the carbonization reaction (1).
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For the game reaction with soot ("atmospheric" coal)

(4)

1g K" = 1o LTiC]" _ _ [AFC - 24£0]
8 5p = 18 [Ti0]” = 4,571 + T

where Af® 1s the free emergy of the graphitizetion of coal.
By subtracting equation (3) from equation (4), the following

equation is obtained for 1900° C (production temperature of
carbonization):

O
W | ' = iC "_1 Ticl' _ 2AF 5
el -leip =18 EriO}“ e rmeT ~TEr s O

For the approximate computation of the magnitude of free energy

of graphitization Af®, TFelke's equations (reference 3) are used
by gliving the values of the equilibrium constants of the Budolr
reaction for the cases wlth graphite and with a.tmospheric carbon
and by extrapolating these equations to 1900° C.

By computing the values of 1lg K.p for the Budoir reaction,

C + 002 = 2C0, for the cases with graphlte and atmogpheric carbon,

the corresponding values of the free energy are derived, starting
from the relations

o - T
&F graphite ~ 1g Kp ,graphite 4571 - T

- AFC *+ 4,571 + T

smorphous = ~ 1g % ,emorphous

The difference between these two values of the free energy of the
Budoir reaction corresponds to the free energy of graphltization:

- AP

= [AF og_ra.phite - AF oamorphoma:]

- 4.57L * 2175(1¢ Ky grapnite - 18 Kp,amorphous)

- 9165 calories
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By substituting the value of -Af° as derived from equa~
tion (5), the change in state of the titanium-containing phase in
equilibrium with either the soot (in the initial pexliod of the
carbonization process) or the graphite (after separation of the
greater part of the active soot and graphitization of its remainder
in the carbonization process) may be computed.

If as initial magnitude the value of [[:-Ti%?l iz taken corre-
T1i -

sponding to the solid phase of titanlum in the stable conditions ’
that 1s, after the establishing of equilibrium as a result of pro-
longed exposure in the furnace, it 1s then possible to compute the
state of titanium carbide at the start of the carbonization process
from equation (5).

After prolonged exposure, the content of the combined carbon
in titanium carbide 1s assumed to be equal to 17 percent (corre-
sponding to more accurate tests of the present investigation in an
atmosphere of pure nonnitrogenous carbon monoxide) and in the pres-
ence of "amorphous" carbon (soot), the equilibrium content Ccomb

In the titanium carbide is found to increase up to the level of the
theoretical content (computations give 19.9 percent as cdmpared
with 20 percent theoretiecal), which closely agrees with obtained
test results where the content of Coomp Iin the presence of soot

in the initial stage of carbonization reached 19.2 to 19.6 percent.
(2) Carbonization in an atmosphere of hydrogen. The equation
of the total reaction of titanium carbonization in an atmosphere of

hydrogen saturated with hydrocarbons 1s of the same type as the
equation of the reaction In an atmosphere of CO

T10 + CpHp = TIC + H, + CO

2C + H, = C,H, (8)
Total reaction: TiO + 2C = TiC + CO _ o (1)
According to reaction (1) » the process of titanium decarbon-
. ization in an atmosphere of hydrogen will not, however, proceed in
the reverse directlion as in an atmosphere of carbon monoxide.

According to the reaction, however,

2T1C + Hy = 271 + cénz' I (1)

it
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with the corresponding liberation of free carbon
CoHp = 2C + Hy (8)

As was previously found, free titanium will not separate out
but remsins in the same lattice of the type TiC with part “empty"
carbon places, which may be conslidered as & lattice of a solid
solution of the pseudoblnary system TiC - Ti,

According to the investigations of Y. Umansky and S. Khidekel,
the minimum content of combined carbon in the system Ti - C, for
which a lattlice of the type TIC 1g maintained, 1s 7 percent.

By adding reaction (7) with the simmltanecusly proceeding
reaction (8) of the carbon with the hydrogen, the following total
reaction 1s obtained:

TC = T4 + C (9)

By analogous considerations, the equilibrium constant of
reaction (9) can be formed as a function of the variable state of
the solid titanium phase by accounting for the restriction of the
solid solution TiC - T1

or

- Emc]
K==8 55

where a 18 a constant factor related tc the concentration of the

© saturated solid solution of Ti imn TiC.

By compering the conditions of equillbrium of reaction (9) in
the presence of "amorphous"” cerbon at the start of the carbonization
process and in the presence of graphite after a prolonged exposure,
the following equetion is obtained analogous to equation (5) of
the preceding section: .
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t 1 -
lg K" - 1g K' =[:ls{—%%+lga}- [13 [T;LC. +1sa}

or for 1800° ¢

lg K" - 1g K' = 1g [TiC1" _ . [mic) _ 2A£0 .
& & ety Wy T teTems 0

vhere Af° 1s the free energy of graphitization, 9165 calories.

Thus for the glven case, the change in state of the titanium
phase Iin equilibrium elther with the soot or with the graphite nay
be as readily computed as for the system

Ti0 - TiC - C - CO —

and these computations lead to the same results as the analogous
computations for the system TiO - TiC, nemely, that in the pres-
ence of soot under metastable conditions at the start of the car-
bonization process, a content of Cgomp that 1s near the theoret-
ical value may be obtained in the titanium carbide.

Experimental date llkewlse show that the content of combined
ocarbon in titanium carbide, both for the stable conditions after
prolonged exposure as well as for the metastable conditions of the
initial period of exposure, agree for the cases where the reactions
proceed in an atmosphere of pure CO and of pure Ho.

It would appear that the reaction TiO + 2C = TiC + CO,
accounting for the formation of the solid solution TiO - TiC from
blowing hydrogen through the furnace and washing out the CO from
the reaction chamber, should proceed from left to right.

The fact that heating a mixture of carbon monoxide with carbon
results In a continuous separation of carbon monoxide from the
surface of the particles TiO - TiC must be considered. Under
these conditions, it may be assumed that on the surface of the
particles TiO - TIC a certain adsorption layer of the carbon mon-
oxide is maintained; thus independently of the dillution of carbon
monoxide dby the surrounding hydrogen, the newly formed molecules
of CO muet overcome the total pressure of the surrounding ges
medium and not the pressure corresponding to the lowered partial
pressure of the CO.

Ul
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Shenk arrived at a similar conclusion with regard to the
direct formetion of iron (reference 4).

The preceding considerations concerning the mechanism of
titanium carbonization and decarbonization in an atmosphere of CO
and Ez and the chenge in state of the solld phase as a function

of the change in concentration of the hydrocarbons in the gas
?edium ?ay be represented by the hypothetlical trinary dlagram
fig. 1).

The gystem Ti1 - TiC In figure 1 differs from the system
Ti0 - TIC 1in thaet in the first case there 1ls & boundary of the
region of solid solutions Ti - TiC with a 7 to 20 percent range
in carbon content. Below 7 percent of C,,n, there is & new

solid phese thet, under the condltions of a hydrogen medium, may
be represented as a phese based upon titanium hydride.

DEPENDENCE OF STATES OF TITANIUM-CARBONIZATION PRODUCTS
ON PRESSURE AND TEMPERATURE

The investigations described have shown that within the range
of temperatures up to 2000° C at atmospheric pressure it is impos-
sible to obtain pure titanium carbide of theoretical composition
under stable conditions. The shifting of the equilibrium of the
reaction TiO + 2C = TiC + CO from left to right 1s possible by
decreasing the pressure in the reaction space.

The following tests concern titanium carbonizatlon at lowered
pressures. These tests were conducted in the seme electrical fur-
nace previously described in reference 2 in an atmosphers of pure
carbon monoxide. For the meximum approach to the conditlons of
equilibrium, en attempt was made to obtain a constant ccmposition
of the carbonization product for each test by doubling the exposure
time. After the required exposure and the cocling of the furnacs,
a sample was taken for analysis.

The conditions of the tests and their results are shown In
table I and in figures 2 and 3.
CORCILUSIONS

1. The study of the process of titanium carbonizatlon at
1900° C by heating & mixture of T.'LO2 + C in atmospheres of pure
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carbon moncoxide and pure hydrogen confirmed previous cobservations
(conducted under production-furnace conditions) concerning the
attainment of the maximum saturation of the formed titanium carbide
with carbon (up to 19.5 percent) at the very start of the process
and its subsequent decarbonization by exposure of the product in
the furnace at constant temperature.

The content of combined carbon in titanium carbide rich in
carbon is lowered to about 17 percent as a result of its exposure
in a mixture with coal at 1900 C in atmospheres of pure CO and

Hy.

2. Analysls of the samples of titanium carbide decarbonized
in an atmosphere of pure hydrogen show that the number of gram
atoms of titanium exceeds the sum of gram atoms of combined carbon
and the remaining oxygen. As a result of the decarbonization in .
an atmosphere of hydrogen, products with "empty" places in the
cryatal lattice of TIC are therefore cbtailned.

In the case of decarbonizatlion in an atmosphere of pure CO,
however, the number of gram atoms of titanium is equal to the sum
of the gram atoms of comblned carbon and oxygen. Thus, in the
decarbonization of titanium carblide in an atmosphere of CO,
reverse interchange of part of the atoms of the carbon in the
titanium carbide by oxygen ocours (process of titanium carbide
oxidation by carbon monoxide).

3. The phencmena described in conclusions 1 and 2 are explained
by the change in the degree of dispersity of the soot at the time
of the carbonization process; the initlally attained metastable
saturation of the titanium carbide with carbon in the presence of
soot, close to the theoretical composition of TiC, i1s not main-
tained upon exposure of the carbide in the furnace because of the
decreased acting surface of the soot.

The order of the experimentally obtalned difference 1ln the
composition of the metastable carbon-saturated product at the start
of the carbonizatlon change and the decarbonized product as a
result of prolonged exposure is confirmed by computations that take
into acocount the change in the free energy of the system as & result
of the graphitization of the soot. _ o

4. The presence of an admixture of nitrogen in the furnace gases
(as is usually the case under production conditiocns) serves as an
additional cause of titanilum-carbide decarbonlzatlon due to the
reaction
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2T1C + Ny + Hp = 271N + C.H,

TUnder the practical conditions of tests made in & production
furnace, the content of combined carbon in the titanium carbide
during long exposure was lowered by the presence of 14 to 14.5 per-
cent nitrogen. As analyses of such decarbonized products showed,
the places ln the crystal lattice that have been freed from carbon
atoms are occupled by atoms of nitrogen, as a result of which
single-phase products (solid solutions) of the system Ti - C - 0 -~ N
are obtalned.

5. The tests on tltanium carbonlzatlion by heating the mixture
Ti0, + C at lowered pressures confirmed the assumption that at a
temperature of about 2000° C, the pure titanium carbide (TiC)
at atmospheric pressure ls not stable and that to obtaln pure
TiC under steble conditions, titanium carbonization should be
conducted in a vacuum.

Translated by S. Reiss
National Advisory Committee
for Aeronautics
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TABLE I - CARBONIZATTION AT LOWERED PRESIUEES

DEPENDERCE OF COMPOSTFION OF CARPONIZATION PRODUCTS Of PRESSURE AND THMFERATURE

rI—’—r_mum:re, mn. Hg 10 i 100 300
Terperature, °C |Cyoia) (Crree |Cocmb [Feroent | Cp .| Crree|Cocmn|Pereett | Cootal| Crres [Coomb| Porosut  |Remarks
Coomb 1n Coomh 1n Coomb 1n
+itanivm- titaniom- $+itanivum~
bearing bearing bearing
nhaas phase phase
—EnTr
19.8 | 126/ 7.2 | 8.3 | 29.3| 20.3| o 0 30,0 | 30.0] © 0 |¥X-ray ais-
1300° , ... fraction
22,1 | 14.5| 7.6 8.9 29,5 | z8.6| 0,7 0.9 | 29.5] 28,1 1.4 2.0%*|  pattern
does not
- ghow & RaCl
19.8 1 9.5| 10.3| 11.4 18.5 | 11.3| 7.2 8.1 type
1400° . . .. 20.0 | 7.5{12.5 | 13.5 . lattice.
19.1 | 8.3 10.8] 11.8 23.9 | 16.6| 7.3 8.8
L Hifo nitro-
( gen In
21.2 | 4,983 | 17,2 20.9 | 5.7{ 15.2] 18.1 22.2 1 10.11 12,3l 15,5 | carboniza-
1500° . . . . tion
22.53 | 6.9(15.4 | 18.5 21.8 | 6.3| 15.5| 16.5 22.1 | 9.4|12.7 14.0 products
f 20.6 | 1.6{19.0 | 19.3 21.5 | 3.5|18.0| 18.7 24.6 | 8.9)15.7] 217.2
1700° . . . . 4
L 21.7 | s5.4[18.3 | 18.9 21,2 | 4.5|17.0] 17.8 19.4 | 3.3| 18,1} 218.7
~
21.5 | 5.0| 16.5] 17.4
1900° . . . . 25.6 | 4.7[18.9 | 19.8 24,0 | 8.2] 17.8| 19.0
L 22.8 | 5.6/ 17.0l 18.0

0T
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Curve of equilibrium concentration of
CoB, over system Ti0 - TiC

Curve of egquilibrium concentration of
CZH2 over system Ti - C

Equilibrium concentration of CZHZ

over TiC
Equilibrium concentration of CoHp

over soot at start of carbonization
process
Bquilibrium concentratlon of CgHp

over graphite

Figure 1. - Equilibrium concentration of

Tipfn

Composition of solid phase at instant
of meximmm cerbon saturation at start
of carbonization process

(ccomb = 19 to 18.5 percent)

Composition of solid phase after
prolonged exposure in furnace
(Coomp = 17 percent)

Saturated solid solution of Ti in
TiC (Coopp = 7 percent)

over system TiO - TiC ~ TiH,.
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Figure 2, - Change in composition of titanium-carbonization products with pressure at
various temperstures.
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Figure 3, - Change in compoéition of titanium-carbonization products with temperature
at various pressures.
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